WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification * : 

B05B 1/26, F02M 61/18, F15D 1/08, 1/06 



Al 



(11) International Publication Number: WO 96/41685 

(43) International Publication Date: 27 December 1996 (27.12.96) 



(21) International Application Number: PCT/AU96700346 

(22) International Filing Date: 6 June 1996 (06.06.96) 



(30) Priority Data: 
PN 3473 



9 June 1995 (09.06.95) 



AU 



(71)(72) Applicant and Inventor: CASEY, Alan, Patrick 
[AU/AU]; 7 Technology Drive, Arundel, QLD 4214 (AU). 

(74) Agent: F B RICE & CO.; 28 A Montague Street, Balmam, NSW 
2041 (AU). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL, 
IS. JP. KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, TJ, TM, TO, TT, UA, UG, US, UZ, 
VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, ML. MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: NOZZLE FOR DELIVERING LIQUID/GAS MIXTURE 



10 



\ 




(57) Abstract 

An expansion nozzle (10) for delivering liquid/gas mixtures comprises discontinuities (17) in the expansion section (14) toward the 
nozzle outlet (15). Those discontinuities (17) in the expansion section (14) function to ameliorate liquid film adherence at the nozzle outlet 
(15). 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


B6 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


Cote d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senega] 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 96/41685 PCT/AU96/00346 

1 

NOZZLE FOR DELIVERING LIQUID/GAS MIXTURE 

Technical Field 

The present invention relates to a nozzle for delivering a liquid/gas 
mixture to, for example, the intake manifold or combustion chamber of an 
5 internal combustion engine. The nozzle may form part of a fuel injector for 
an engine, particularly but not exclusively where the injector produces a 
mixture where a fine mist of fuel droplets are entrained in an airstream prior 
to being input to a combustion chamber. 

Even though the present invention will be described in relation to a 

10 preferred application in fuel injectors for internal combustion engines it will 
be appreciated that it has applicability to any environment where a liquid 
droplet/gas mixture is to be delivered such that liquid film adherence at a 
nozzle outlet is to be ameliorated either in continuous or discontinuous 
delivery systems. 

15 Background Art 

It is known to create a liquid/gas mixture by (delivering a generally 
cohesive sheet of liquid into a stream of gas flowing through a passage, with 
the gas acting to shear liquid droplets away from the sheet of liquid. Such a 
liquid/gas mixture has been found to have a significantly smaller average 

20 liquid droplet size than that produced by delivering liquid under pressure 
through a restricted nozzle to form a spray as many commonly available 
motor vehicle injectors operate. A liquid/gas mixing apparatus which 
operates by shearing liquid droplets away from a sheet of liquid is disclosed 
in AU-A-5 1454/93 and which is incorporated herein by reference. 

25 Due to the very small size of the liquid droplets, the liquid/gas 

mixture produced by shearing liquid droplets from a sheet of liquid using a 
stream of gas can be delivered along a passage beyond the point at which the 
liquid is sheared from the sheet, and out through a nozzle. 

If a nozzle has a simple continuous expansion zone leading to its 

30 outlet, it has been found that such a nozzle delivering liquid/gas mixtures 
tends to adhere liquid to and build up liquid on the inside surface of the 
expansion zone, and which liquid is pushed along the passage and out from 
the outlet as relatively large droplets as compared with the fine mist 
entrained in the stream of gas flowing into the nozzle. 

35 It would be desirable to eliminate or at least minimise such 

adherence, build up and delivery of liquid droplets from the nozzle outlet. 
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Disclosure of Invention 

The present invention provides a nozzle for delivering a liquid/gas 
mixture, comprising: 

a body having a flow through passage leading to an outlet; 

an expansion zone proximate the outlet, and at least one 
discontinuity in the expansion zone, said discontinuity being adapted to 
reduce liquid film adherence at the outlet 

Preferably, each discontinuity is substantially of circumferential 

extent. 

Preferably, the or each discontinuity is a step-wise enlargement of 
the expansion zone. 

The expansion zone preferably has a plurality of step-wise 
enlargements. 

Preferably, the flow passage also has a restriction or compression 
zone spaced upstream from the expansion zone. The restriction or 
compression zone is preferably a smoothly converging portion of the flow 
passage, and which leads to a throat portion which is intermediate the 
restriction zone and the expansion zone. 

The flow passage is preferably generally circular in cross-section 
with the restriction and expansion zones being generally conical. 

The or each step-wise enlargement in the expansion zone is/are 
preferably in the form of a circumferential edge having a first diameter, a 
radially outwardly extending surface which is generally normal to the 
central axis of the flow passage, and an axially extending cylindrical surface 
having a second diameter which is a predetermined amount larger than the 
first diameter, and which leads to the next adjacent step-wise enlargement or 
the outlet 

In one specific embodiment, the intermediate throat portion has a 
diameter of about 4mm, the axial cylindrical surface of a first step-wise 
enlargement has a diameter of about 5mm, and the axial cylindrical surface 
of second and third step-wise enlargements have diameters of about 6mm 
and 7mm respectively. The restriction zone preferably converges from a 
diameter of about 10mm to the 4mm diameter of the throat portion over an 
axial distance of about 5mm. Further, the throat portion preferably extends 
about 13mm, the cylindrical surfaces of first and second step-wise 
enlargements extend about 3mm in the axial direction, and the cylindrical 
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surface of a third step-wise enlargement extends about 4mm in the axial 
direction. 

A particularly preferred embodiment is formed by a plurality of 
axially aligned nozzles in accord with the present invention wherein the 
5 outlet of one nozzle is adapted to deliver a liquid/gas mixture to a mixed 
nozzle and wherein adjacent nozzles are separated by gas and/or liquid 
inspiration zones such that inspirated gas and/or liquid is adapted to mix 
with the liquid/gas mixture as it passes from the outlet of the one nozzle to 
the inlet of the next adjacent axially aligned nozzle. 

10 The number of nozzle stages separated by inspiration zones can be 

varied as desired. 

In use with embodiments in accord with the disclosure in 
AU-A-5 1454/93 I have found that in the environment of internal combustion 
engines a minimum quantity of pressurised air is required to atomise a 

15 liquid fuel to a desired particle size. In one prototype this has been 

established at less than 1% stoichiometric air at 100 psi. That pressurised 
air is forced through an injector to shear droplets from the conical sheet of 
fuel with the resultant fuel/air mixture exiting via a delivery nozzle in 
accord with an embodiment of the present invention. 

20 The addition of premix air which is a minimum quantity of air 

necessary (when combined with primary air which effects a shearing action 
of the fuel within the injector body) that facilitates a preparation of a high 
quality premix for good combustion. The quantity of premix air including 
atomising air is normally approximately 5% of the total required for a 

25 stoichiometric mixture. 

With the further addition of vaporisation air (tertiary air) it is 
possible to vaporise the fuel and give further premix to enhance combustion. 
A vaporisation air use understood to mean the minimum quantity of air 
necessary (when combined with primary and secondary air) to vaporise the 

30 fuel and give further premix to enhance combustion. Such tertiary air can 
be inspirated into the fuel/air mixture by means of a further novel stage or 
via radially disposed air inlets on a shroud extending past the outlet of the 
second nozzle stage. Of course, as stated above, the number of nozzle stages 
can be varied as desired. 

35 I have found that a single or multiple nozzle arrangement in accord 

with the present invention not only ameliorates fuel film adherence but also 
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creates good mixing and reduces the velocity of and broadens the fuel air 
mixture allowing entry of further air into the mixture. 

A secondary air nozzle can be attached to an inlet manifold of 
internal combustion engine or used to entrain other fuels or both fuel and 
5 air. 

When used in the environment of a pressurised injector of the form 
disclosed in AU-A-5 1454/93 the efficiency of a nozzle of the present 
invention is not dependent on a negative pressure generated by an engine 
which can be the case for, say, air-assisted injectors. 
10 Brief Description of Drawings 

Preferred forms of the present invention will now be described by 
way of example with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic longitudinal sectional view of an embodiment 
of a nozzle in accord with the present invention; 
15 Fig. 2 is a schematic longitudinal section view of the nozzle of Fig. 1 

and a part of a known liquid/gas mixing apparatus; 

Fig. 3 is a schematic detailed view of a portion of the nozzle of Fig. 1 
showing the flow of gas/liquid mixture and action of the gas stream on liquid 
which has adhered to the surface of the expansion zone; 
20 Fi g- 4 is a general arrangement sectional view of an embodiment of 

an injector mounted to an embodiment of a two stage nozzle arrangement of 
the present invention; 

Fig. 5 is a magnified view of a portion of the injector of Fig. 4; 

Fig. 6 schematically depicts an injector nozzle arrangement of Fig. 4 
25 configured to provide direct injection into an inlet manifold of an internal 
combustion engine; 

Fig. 7 is a sectional view of the injector and nozzle arrangement of 
Fig. 4 mounted on an intake manifold; and 

Fig. 8 is a view similar to Fig. 7 but showing the injector and nozzle 
30 arrangement mounted on an intake manifold in an alternative to that of 
Fig. 7. 

Best Mode 

The drawings show an elongate nozzle 10 with a centrally extending 
through passage 11, a restriction or compression zone 12 at an inlet end 13 
35 and an expansion zone 14 proximate an outlet 15. 
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The expansion zone 14 is in the form of a series of three step-wise 
enlargements 16 each of which define circumferential discontinuities along 
the flow passage 11. Each step-wise enlargement 16 has a circumferential 
edge 17, a radially outwardly extending surface 18 which is generally normal 
5 to the central axis of the nozzle 10, and an axially extending cylindrical 
surface 19 having a diameter which is a predetermined amount larger than 
that of its associated edge 17. 

The restriction zone 12 has a conical surface 20 which converges to 
the diameter of a throat portion 21 which is intermediate the restriction zone 

10 12 and the expansion zone 13. 

Referring to Figure 2, which shows the nozzle 10 mounted in a part 
30 of a liquid/gas mixing apparatus which is generally as disclosed in 
AU-A-51454/93 to the present application. The mixing apparatus includes a 
liquid valve 31 which intermittently delivers a radially or conically 

15 outwardly projecting sheet of liquid into an annular flow passage 32. The 

mixing apparatus 30 has gas valving (not shown) which delivers a gas stream 
through the passage 32 at least from a time just prior to the liquid valve 31 
being opened and at least to a time just after the liquid valve 31 is closed. 
The stream of gas through the passage 32 acts to shear liquid particles away 

20 from the sheet of liquid producing a fine mist of liquid particles entrained in 
the stream of gas. 

The liquid/gas mixture flows through the passage 32 of the mixing 
apparatus 30. The passage 32 communicates with the flow passage 11 of the 
nozzle 10 which is positioned downstream of the point at which the liquid 

25 particles are sheared away from the liquid sheet. The nozzle 10 defines the 
outlet for the mixing apparatus 30 for delivering the liquid/gas mixture 
which may be a fuel/air mixture into the combustion chamber of an internal 
combustion engine (not shown). 

In use, the liquid/gas mixture enters the nozzle 10 and is compressed 

30 through the restriction zone 12 before passing into the intermediate throat 
portion 21. This serves to accelerate the stream of gas and liquid particles. 
When the stream reaches the expansion zone 13, the liquid/gas mixture 
expands as it passes each of the edges 17 and is thereafter delivered through 
the outlet 15. 

35 When liquid droplets that have adhered to the flow passage reach the 

first edge 17, it is believed that the action of the gas stream passing over the 
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discontinuity causes the accumulated liquid to be drawn off from the surface 
as relatively small particles, that is, having a particle size which is 
considerably smaller than if the accumulated liquid had been allowed to 
discharge from the nozzle expansion zone without such discontinuities. 
5 More particularly, the discontinuities defined by the step-wise 

enlargements 16 cause the stream of gas (with entrained liquid droplets) to 
flow and expand radially outwardly over and around the edges 17 producing 
turbulence adjacent the radially projecting surface 18. 

It has been observed that the nozzle 10 of the embodiment of 

10 Figs. 1-3 removes adhered liquid from the expansion zone before it is 

delivered through the outlet 15 as undesirably large liquid droplets which 
are generally not able to be burnt efficiently in a normal combustion cycle. 
This benefit is achieved whether the liquid valve 31 and gas valve (not 
shown) of the mixing apparatus 30 are opened/closed intermittently to 

15 produce intermittent bursts of liquid/gas mixture, or are kept open so as to 
deliver a continuous stream of the liquid/gas mixture. 

In the general arrangement view of the embodiment of Fig. 4 there is 
shown an injector and nozzle combination 40 comprising a solenoid 
actuated injector 41 fitted with a two stage nozzle arrangement 42. 

20 Injector 41 comprises a solenoid cover 42 which houses a solenoid 

slug 43 and shuttle retainer 44. 

Solenoid control needle 45 is housed within needle guide 46 which 
is disposed within injector body 47. Needle seat 48 is interposed between 
needle 45 and atomiser nozzle 49 which directs liquid/gas mixture into air 

25 mixing nozzle 50. Between atomiser nozzle 49 and air mixing nozzle 50 

there are disposed a plurality of radially extending inspiration passageways 
51 while about shroud 52 there are disposed a plurality of tertiary air 
inspiration passages 53 downstream from the outlet of air mixing nozzle 50. 
In the embodiment of Fig. 4 it has been found that of the order of 1% 

30 stoichiometric air at 100 psi coupled to air inlet 54 has been sufficient to 
shear fuel droplets from a conical sheet of fuel, which fuel is fed via fuel 
inlet 55. 

To better appreciate the functioning of the airflow and needle 
movement reference should be made to Fig. 5 which depicts circumferential 
35 gap 56 between needle 45 and the bore within injector body 41 to permit the 
passage of high pressure gas past a conical spray of liquid which forms upon 
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movement of needle 45 away from seat 48. After liquid has been sheared 
from the conical sheet it passes along passage 56 then through a plurality of 
circularly disposed passageways 57 which feed into atomiser nozzle 49 then 
through the secondary air inspiration zone defined by passages 51 before 
entering air mixing nozzle 50. 

Referring to Fig. 6 which shows an injector and nozzle arrangement 
of Fig. 4 mounted above an inlet manifold venturi 60. 

Another potential installation arrangement is shown in Fig. 7 where 
the embodiment of Fig. 4 is mounted to a naturally aspirated or 
supercharged air inlet manifold 70 with an air bleed passageway 71 feeding 
inlet manifold air to provide secondary air between nozzles 49 and 50. 

Fig. 8 shows yet another mounting arrangement for a naturally 
aspirated or supercharged air inlet manifold 80 where the injector body 41 is 
mounted to manifold 80 with manifold air directly feeding into passages 51 
rather than by a bypass arrangement as in Fig. 7. 

While the nozzles of the depicted embodiments have been described 
in conjunction with mixing apparatus, it will be appreciated that each nozzle 
may be used in single or multi-stage form in any application where a 
liquid/gas mixture is to be delivered subject to any relevant design criteria. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A nozzle for delivering a liquid/gas mixture, comprising: 

a body having a flow through passage leading to an outlet; 

an expansion zone proximate the outlet, and at least one 
discontinuity in the expansion zone, said discontinuity being adapted to 
reduce liquid film adherence at the outlet 

2. A nozzle as claimed in claim 1 wherein the at least one discontinuity 
is substantially of circumferential extent. 

3. A nozzle as claimed in claim 1 or 2 wherein the at least one 
discontinuity is a step-wise enlargement of the expansion zone. 

4. A nozzle as claimed in claim 3 wherein there are a plurality of 
discontinuities. 

5. A nozzle as claimed in any one of the preceding claims wherein the 
flow through passage has a restriction zone upstream from the expansion 
zone. 

6. A nozzle a claimed in claim 5 wherein the restriction zone is a 
smoothly contracting portion of the flow passage which leads to a throat 
portion between the restriction and expansion zone. 

7. A nozzle as claimed in any one of the preceding claims wherein the 
flow through passage is of a generally circular cross-sectional shape. 

8. A nozzle arrangement for delivering a liquid/gas mixture comprising 
a plurality of nozzles as claimed in any one of claims 1-4 wherein the 
nozzles are axially aligned and spaced apart by gas and/or liquid inspiration 
zones. 

9. A nozzle arrangement as claimed in claim 8 or any one of claims 1-4 
wherein the outlet of the nozzle arrangement is surrounded by a downstream 
extending shroud, and wherein said shroud comprises inspiration zones for 
gases and/or liquids to be added to the liquid/gas mixture downstream of the 
outlet. 
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